We have isolated an amphibian homolog of the homeotic gene spalt of Drosophila. Like its Drosophila counterpart the Xenopus Xsal-1 gene encodes a protein that contains three widely separated sets of sequence related double zinc finger motifs of the CC/HHtype as well as a single CC/HH zinc finger. The Xenopus gene encodes a fourth double zinc finger and a single CC/HC zinc finger motif that have no counterpart in the fly protein. Alternative splicing of Xsal-1 transcripts gives rise to RNAs coding for either four, three, or two double zinc fingers, respectively. The main expression domains of Xsal-1 in early development are confined to distinct regions along the lateral axon tracts within the midbrain, hindbrain, and spinal cord. Outside the central nervous system Xsal-1 is expressed in the facio-acoustic ganglion and in the developing limb buds. The pattern of expression suggests that Xsal-1 might be under control of signals emanating from the notochord and/or the floor plate and that it might function in neuronal cell specification.
Introduction
Much of our present understanding of how regional identity is defined in the vertebrate nervous system has been enabled by genetic studies on invertebrates. A set of genes, the homeotic selector genes, specify positional values along the fly body axis. They are the master control genes that coordinate the regulation of processes involved in the development of structures appropriate to axial position (for review see McGinnis and Krumlauf, 1992) . Many of these genes are conserved between invertebrates and vertebrates (for review see Kessel and Gruss, 1990) . Like their invertebrate homologs Hox homeobox genes have a clustered organization in which the relative position of each gene in the cluster reflects its boundary of expression along the body axis (for review see McGinnis and Krumlauf, 1992) . Although not fully proven, vertebrate Hox proteins are strongly suspected to affected in sal mutant embryos. In later stages SAL accumulates in restricted parts of the tracheal system, in the antennal imaginal disc, and in the neuroectoderm, where it gives rise to a repetitive pattern in the central nervous system (CNS) (Wagner-Bernholz et al., 1991; Ktihnlein et al., 1994) .
The sal gene encodes a zinc finger protein of novel structure (Ktihnlein et al., 1994) . The protein is characterized by seven CC/HH zinc finger motifs (Miller et al., 1985) . Six of these motifs form sets of two adjacent zinc finger motifs, that are connected by the evolutionarily conserved H/C-link motif (Schuh et al., 1986) . These double zinc finger motifs are widely separated within the SAL protein. They show internal sequence similarity that makes them distinct from all other zinc finger motifs. SAL is conserved among higher dipteran species. Sequence comparison between two Drosophila species highlights the zinc finger motifs as the most highly conserved regions within SAL proteins (Ktihnlein et al., 1994) .
The pivotal role that the sal gene plays in insect head development as well as the evolutionary conservation of the distinct double zinc finger motifs of dipteran SAL proteins prompted us to search for sal homologous genes in vertebrates. We have isolated sal related sequences from members of all four vertebrate classes. Here we report on the molecular characterization of a sal gene of Xenopus laevis. XSAL-1 protein displays the characteristic features of SAL proteins. The sequences of the double finger motifs are highly conserved between Xenopus and the Drosophilids. Alternative splicing of the Xsal-1 RNA produces transcripts encoding either two, three, or four double zinc finger motifs. Xsal-1 expression is restricted to neuronal cells in early development.
Results

Isolation and analysis of a Xenopus sal gene
To detect sal-related sequences in the Xenopus genome we performed genomic Southern hybridization under low stringency. As probe we used a cDNA fragment from mouse encoding a double zinc finger motif related to the first double zinc finger motif of the Drosophila melanogaster sal gene, kindly provided by Thomas Ott. A 1.4 kb fragment was detected in EcoRI digested genomic Xenopus DNA. This fragment was cloned by screening a phage library made from size selected genomic Xenopus DNA and then used as a probe to isolate overlapping upstream and downstream fragments. Together the cloned fragments span about 15 kb of genomic DNA (Fig. 1A) . Partial sequence analysis revealed that this genomic region contains about 3.2 kb of contiguous coding region, encoding three double and a single CC/HH zinc finger motifs. In addition, another truncated double zinc finger motif was found COOH-terminal of the third double finger and a zinc finger motif of the CC/HC type is located near the 5" end of the reading frame (Fig. 1C,D) . The available sequences indicated that the large exonic region is flanked by two introns.
To obtain cDNA sequence information of the Xenopus sal gene we screened a ~,ZAP cDNA library of oligo dT primed neurula RNA. The phage with the longest insert contained the complete 3' untranslated region including a short stretch of the poly (A) tail but lacked an AUG start codon. The missing cDNA sequence information was obtained by RT-PCR with a primer pair that was deduced from the genomic sequence. These primers are located upstream of a putative start methionine codon and downstream of the first intron respectively (Fig. 1B) . The potential start methionine contained in this cDNA fragment is preceded by two in frame stop codons and is in a favorable translation initiation consensus (Kozak, 1989) . We therefore conclude that we have isolated the complete open reading frame of a Xenopus sal gene (Xsal-1). The composite molecular structure of the Xsal-1 transcription unit is shown in Fig. 1C . It codes for a putative protein (XSAL-1) of 1278 amino acids.
Comparison with the genomic sequences revealed that the coding region of Xsal-1 is interrupted by three introns (Fig. 1, Table 1 ). The structure of the Drosophila and Xenopus sal genes do not reveal significant correspondence. Intron I, which interrupts the coding region of the NH2-terminus close to the AUG start codon in both genes, cannot be properly aligned, due to the lack of sequence similarity in this region. Introns II and III interrupt the coding region within the COOH-terminus and are located at non-homologous positions with respect to the amino acid sequence.
Alternative splicing of Xsal-1 transcripts
Sequencing revealed that intron II encodes a double zinc finger motif in frame with exon two and three. This prompted us to search for alternatively spliced Xsal-1 transcripts by RT-PCR. Most of the primer combinations gave PCR products colinear with the cDNA sequence derived from the phage clone (Fig. 1B) . One example is given in Fig. 2C ,D. Primer pairs, however, that span either intron II or both introns II and III gave rise to multiple fragments (Fig. 1B) . Three fragments were obtained with a primer pair spanning introns II and III ( Fig. 2A,B) . Sequencing revealed that they correspond to three different splice variants generated by either splicing out intron III (638 nt product), or introns II and III (422 nt product), or by removal of the whole region between the splice donor site of intron II and the splice acceptor site of intron III (81 nt product) (schematically outlined in Fig.  1B ). The latter splicing event puts the acceptor sequence out of frame. The resulting reading frame encodes another eight amino acids followed by a stop codon (for sequence see Table 1 ). The mRNAs of the three alternative- ly spliced transcripts would encode XSAL-1 proteins with four, three, or two double zinc finger motifs, respectively. Quantitative RT-PCR was carried out with RNA of various developmental stages as well as several tissues of adult frogs ( Fig. 2A-D) . In parallel RT-PCR with histon H4 specific primers was carried out on the same batches of RNA to control for RNA yield (Fig. 2E,F) . In all RT-PCR reactions that resulted in amplification of Xsal-1 transcripts three products corresponding to the three splice variants were obtained ( Fig. 2A,B) . Their relative abundance was calculated by normalizing for the length of the fragments. The RNA encoding three double zinc fingers accounts for about 75% of the transcripts while the version encoding two double fingers represents nearly the remaining 25%. The relative abundance changes during development. In tadpole stage embryos equal numbers of the two and three double zinc finger versions are detected, while in tissues of adult frogs, with the exception of the testis, the two finger version is the most abundant species. Transcripts encoding the four double zinc finger protein are the least abundant; they do not make up more than 5% in any of the stages.
Structure and sequence of the XSAL protein
The prominent features of the Drosophila SAL protein are the three widely separated, sequence related sets of two adjacent zinc finger motifs, which have been termed 'double zinc finger'. The individual zinc finger motifs of each of the double zinc fingers are connected by the evolutionarily conserved 'H/C-link' (Schuh et al., 1986) and each COOH-terminal zinc finger of the double fingers contains a stretch of conserved amino acids, defined as the 'SAL-box'. A seventh zinc finger motif is associated with the central double zinc finger (Kiihnlein et al., 1994) . All prominent features are highly conserved between XSAL and the fly proteins (Figs. 3 and 4) . Pairwise comparison of the consecutive double zinc finger motifs reveals interspecies sequence identity values of 88%, 84%, and 73%, respectively. When conservative amino acid exchanges are taken into account the values are 96%, 90%, and 80%, respectively (Fig. 4) . These values are much higher than the corresponding values when double finger motifs within a SAL protein are compared or when comparison is done between SAL double zinc fingers and sets of two consecutive CC/HH zinc finger motifs of any other zinc finger protein. The latter comparisons typically give identity values not greater than 50%. Even more significantly, the H/C-link and the SAL-box show high sequence conservation between Drosophila and Xenopus SAL proteins. Furthermore, the position and sequence of the seventh single zinc finger motif is also conserved (Fig. 4) . The only deviation from this high degree of se- Another feature of the Xenopus SAL protein is the presence of a zinc finger motif within the NH2-terminus with the spacing typical for TFIIIA-like CC/HH zinc finger motif. Its Zn-coordinating residues are, however, of the type CC/HC. Similar motifs have been found in a few other zinc finger proteins as for example the mammalian transcription factor PRDII-BF1 (Fan and Maniatis, 1990) and its Drosophila homolog schnurri (Arora et al., 1995; Grieder et al., 1995) . The presence of very similar CC/HC zinc finger motifs in sal genes of other vertebrates (unpublished observations) indicates that this motif is characteristic for vertebrate sal genes.
The overall sequence similarity in regions outside the zinc finger domains is low between Xenopus and Drosophila SAL proteins. With the exception of a glutaminerich region in the NH2-terminus, that shows more than 70% similarity (aa position 228-255 in the Xenopus sequence doubly underlined in Fig. 3 ), no significant conservation of other sequence motifs is observed. However, like the Drosophila proteins, XSAL-1 is rich in proline and serine residues. These amino acids together comprise more than 22% of all residues. The size of the NH2-terminal domain of the XSAL-1 protein is nearly identical to that of the Drosophila proteins while the interfinger domains are shorter by about one-third in XSAL-1. Taken together, the features described classify XSAL-1 as an amphibian homolog of the Drosophila SAL proteins.
Temporal andspatialexpressionofXsal-1 in early development
We have characterized the expression pattern of Xsal-1 during Xenopus embryonic development by RNase protection assays, quantitative RT-PCR and whole-mount in situ hybridization. RNase-protection assays (results not shown) and quantitative RT-PCR with a primer pair spanning intron I (Fig. 2C,D) gave comparable results. Xsal-1 transcripts are absent in oocytes and embryos until the end of blastula stages. Xsal-1 RNA is first detected in early gastrula and reaches a first maximum during neurulation (ST 15). The amount of Xsal-1 RNA decreases after neurulation and increases again in tadpole stages (ST 28 onwards). In tissues of adult frogs Xsal-1 transcripts are detected in testis, brain, heart, kidney, and spleen (Fig. 2B,D) . Xsal-1 RNA is absent in ovary, liver, stomach, and intestine (Fig. 2B,D) , as well as in Xenopus A6 cells, a kidney derived cell line (result not shown).
To reach a sufficient signal intensity in whole-mount in situ hybridization studies, the entire Xsal-1 cDNA clone was used as probe. No cross-hybridization with another gene encoding closely related double zinc finger motifs (Xsal-2, Stick, unpublished) was observed, indicating the specificity of detection with this technique. In whole-mounts Xsal-1 expression is first detected at late gastrula stages of development (ST 121/2) as a homogeneous staining of the posterior neural plate (Fig. 5A) . Around ST 15 Xsal-1 staining becomes more distinct, as two bilateral symmetric stripes within the neural plate and two broader stripes at the neural folds (Fig. 5B ). Both pairs of stripes run the length of the developing notochord and terminate anteriorly at the future hindbrain region. Expression within these stripes is restricted to the epithelial layer of the neuroectoderm (Fig. 5B2,B3 terior end of each stripe expression is observed in a broader zone extending laterally (Fig. 5B) . Within this zone, Xsal-1 transcripts are found both in the epithelial and in the sensorial layer of the neuroectoderm (Fig.  5B1) . During neuralfold closure expression becomes weaker in the middle portion of the neural tube. Strong staining persists anteriorly in the two pairs of transversal stripes and near the blastoporus (Fig. 5C ). The anterior pattern of Xsal-1 expression is reminiscent of that of is expressed in two alternating domains in the early neurula, later corresponding to rhombomeres three and five (Bradley et al., 1992) . Double staining revealed the spatial relationship of the Xsal-1 and Krox-20 expression (Fig. 6 ). (Fig. 6B ). The spatial relationship of the two Xsal-1 stripes to the expression of Xenopus En-2 is revealed by double staining as shown in Fig. 6A . The main band of expression of En-2, which demarcates the future midbrain/hindbrain boundary (Hemmati-Brivanlou et al., 1991) , is positioned anteriorly of the first Xsal-1 stripe, separated by approximately one rhombomere width (Fig. 6A) . During tailbud and swimming tadpole stages, Xsal-1 is expressed in two symmetrical ventrolateral stripes within the neural tube that run along the tube from the tail up to the anterior boundary of the midbrain with an interruption at the midbrain/hindbrain boundary I, . This boundary is demarcated by En-2 in double stained embryos (Fig. 6C) . In the forebrain Xsal-1 RNA is detected in a restricted area in the dorsal telencephalon (Fig. 5E,G,I ) as well as in individual cells along the ventral tegmental axon tract (faint staining in Fig. 5J ). At the tail tip, Xsal-1 expression is found throughout the spinal cord rather than being restricted to a ventrolateral position. It follows the bending of the neuroenteric canal, displaying a characteristic hook-shaped staining (Figs. 5E  and 71 ). Fig. 7 shows cross-sections of a stage 32 embryo after preembedding whole-mount Xsal-1 staining at different levels of the body axis. At all levels, with the exception of the telencephalon, where weak staining is detected in a dorsal domain (Fig. 7A) , staining is confined to cells lining the ventrolateral tracts of the spinal cord (Fig. 7F ) and the lateral axon tracts in the midbrain (Fig.  7B,C ) and the hindbrain (Fig. 7D,E) . Stained cells in the spinal cord and the hindbrain represent motor neurons and interneurons. Within the rhombencephalon Xsal-1 expression extends towards the midline forming a transversal stripe (Fig. 5G) . As revealed by double staining with Krox-20, this stripe is located at the position of the fourth rhombomere but its anterioposterior extension exceeds that of a single rhombomere. A stage 31 embryo double stained with Xsal-1 and Krox-20 is shown in Fig.  6D . With the exception of this stripe the ventricular zone in the midbrain, hindbrain and the spinal cord are devoid of Xsal-1 staining. Outside the CNS the facio-acoustic ganglion is strongly labeled (Figs. 5F, 6C,D and 7D ). All other cranial ganglia are negative. Weak expression is detected in the pronephros and the heart anlage in embryos of swimming tadpole stages (Fig. 5E) .
C O N S E N S U S
In later stages of development Xsal-1 staining is detected in a broad stripe subterminal of the tip of the hindlimb buds in the area corresponding to the progress zone (Fig. 5H,K) .
Discussion
We have isolated a developmentally regulated Xenopus zinc finger gene based on its similarity to the region specific homeotic gene spalt (sal) of Drosophila. We propose that the Xenopus gene (Xsal-1) is a member of a vertebrate gene family homologue to the insect sal genes.
Similarities in the zinc finger motifs suggest that the Drosophila sal genes and Xsal-1 belong to the same protein family
The most prominent features of Drosophila SAL proteins are (i) the three widely separated sets of two adjacent zinc finger motifs, the double fingers, (ii) the internal sequence similarities of these double finger motifs with two highly conserved short stretches of amino acids within the central loops, and (iii) an additional zinc finger motif, associated with the second double finger. All these features are found in the amphibian XSAL-1 protein.
Moreover, the high degree of sequence conservation between the double zinc fingers in the amphibian and the fly proteins shows that the order of the individual double fingers is conserved. Sequences outside the zinc finger regions do not show obvious similarities with the notable exception of a glutamine-rich stretch of amino acids within the NHE-terminus. Similarly glutamine-rich sequences have been characterized as activator domains in the amino terminus of the mammalian transcription factor Spl (Courey and Tjian, 1988) .
The only other known proteins that contain widely spaced double zinc fingers are the mammalian transcription factor PRDII-BF1 (Fan and Maniatis, 1990 ) and the related proteins MBP-1/MBP-2, aA-CRYBP-1, HIV-EP2 (van't Veer et al., 1992, and citations therein) and the Drosophila Schnurri protein, which has been characterized recently as a homolog of the human PRDII-BF1/ MBP proteins (Arora et al., 1995; Grieder et al., 1995) . Like XSAL-1 PRDII-BF1 contains a single finger motif of the CC/HC type. Similarity values between XSAL-1 and the mammalian transcription factors are, however, much lower than between XSAL-1 and Drosophila SAL. Taken together, these findings indicate that SAL proteins on the one hand and PRDII-BF1 and related proteins on the other form distinct subtypes within the family of proteins containing widely separated double zinc fingers.
For Drosophila a second, closely related sal gene, spalt related, has been described, that probably resulted from a recent gene duplication (Reuter et al., unpublished data) . Genomic PCR amplification allowed us to identify sal-encoding gene sequences from representatives of all four vertebrate classes. Moreover, we were able to show that there exist at least two sal genes in the human and the Xenopus genome. In both species the two genes show distinct expression patterns. Sequence comparison of the Xenopus laevis genes indicates that they represent two distinct genes rather than the two homologs of this pseudo-tetraploid species. A more intense search for sal genes might lead to the identification of even more members of this gene family. Therefore, similar to the situation with other morphoregulatory factors, there might exist a multitude of sal related genes in vertebrates.
Zinc finger proteins of the CC/HH-type are nucleic acid binding proteins (for review see Kaptein, 1991) . They might act either as DNA binding transcriptional regulators or bind RNA or both. Drosophila SAL is a nuclear protein (KiJhnlein et al., 1994 ) and binds to specific target sequences in vitro (Ktihnlein and Schuh, unpublished) . Molecular and genetic data suggest that it acts as a transcriptional regulator. So far, no DNA target sequences have been characterized for XSAL-1. By analogy to Drosophila, however, we assume that XSAL-1 is involved in transcriptional regulation. The observation that Xsal-1 transcripts are alternatively spliced, might be of interest in this context. Alternative splicing of zinc finger encoding transcripts has been observed in several cases. A situation similar to that reported here has been described for the Drosophila transcription factor CF2 (Hsu et al., 1992) , where transcripts coding for either three, six, or seven zinc finger motifs are generated by exon skipping and alternative splice donor site selection. For CF2 it has been shown that these splice variants are differentially expressed and that the resulting proteins differ in their DNA binding specificity. Whether XSAL-1 proteins containing different numbers of double zinc fingers will display distinct DNA binding specificity has to await the characterization of the target sequences.
Xsal-1 is expressed in restricted areas in the embryonic CNS
Xsal-1 shows a highly restricted pattern of expression during early development. The main expression domains are in the CNS. They are confined to distinct regions of the midbrain, hindbrain, and spinal cord as well as outside the CNS in the ganglion of the facio-acoustic nerve (VIIth cranial nerve) (Moody and Stein, 1988) . Outside the nervous system Xsal-1 is expressed at a much lower level in a few mesodermal derivatives like the pronephros, the heart anlage, and, in later stages of tadpole development in the limb buds.
Different classes of primary neurons have been defined for the Xenopus brain stem and the spinal cord. They are found in topological discrete, columnarly arranged populations of neurons. Sensory neurons, Rohon-Beard cells, are located dorsally, interneurons laterally, descending interneurons and motor neurons ventrolaterally, and Kolmer-Agduhr cells, a special type of ciliated neurons, ventrally (Hartenstein, 1993, and citations therein) . The lateral and ventral columns of spinal neurons merge into populations of brain stem neurons with similar morphology. Their axons form the ventral longitudinal tract in the brain stem that merges with the ventral fascicle of the spinal cord (Hartenstein, 1993) . Xsal-1 expressing cells are all clustered near the ventral longitudinal tract and the ventral fascicle. The labeled cells in the spinal cord and the hindbrain represent motor neurons and interneurons.
Neurons within the ventral column of the brain stem and the spinal cord are among the earliest to differentiate. Differentiation starts around stage 22 (Hartenstein, 1989 (Hartenstein, , 1993 . Neural determination is largely independent of cell division (Harris and Hartenstein, 1991) . Xsal-1 expression is first detected in a broad area of the forming posterior neural plate and finally becomes confined to two pairs of stripes within the neural plate and the neural folds, respectively. Expression within the medial stripes persists throughout neurulation. Tracing experiments have shown that the majority of cells within the medial zone of the neural plate becomes located in the ventral sector after neural tube closure (Schr6der, 1970; Hartenstein, 1993) . Xsal-1 expression persists in these cells. It precedes differentiation of these neurons suggesting that XSAL-1 might function in the specification of neuronal cell types. Xsal-1, however, is not restricted to a single cell type as evidenced by the fact that it is also expressed outside the CNS.
The dorsoventral patterning of the neural tube is influenced by the notochord and the floor plate (for review see Ruiz i Altaba, 1993) . Grafting experiments have shown that floor plate induction by underlying notochord requires contact-dependent signals . The notochord also affects the development of ventral neuronal cell types such as motor neurons. In contrast to floor plate induction, induction of ventral neuronal types can be mediated by diffusible factors (Yamada et al., 1993) . More recently, sonic hedgehog, a vertebrate hedgehog-family member, has been shown to be a potent inducer in dorsal-ventral cell type specification within the developing neural tube (Echelard et al., 1993; Krauss et al., 1993; Riddle et al., 1993) and explants of neural tube tissue in vitro (Martf et al., 1995) . The pattern of Xsal-1 expression in the ventrolateral section of the neural tube and its absence from the floor plate suggests that Xsal-1 might be induced by the underlying notochord and that this induction might be mediated by sonic hedgehog (for Xenopus sonic hedgehog expression, see Ekker et al., 1995) . The same might hold true for Xsal-1 in the developing limb bud. There Xsal-1 is expressed in a subterminal region, the progress zone. This region is under control of sonic hedgehog which itself is expressed in the zone of polarizing activity (Echelard et al., 1993; Krauss et al., 1993; Riddle et al., 1993) .
Relationship of Xsal-1 to other members of the sal genefamily
While the structural similarities between XSAL-1 and Drosophila SAL are obvious, the expression patterns do not suggest that the two genes function in the same context during vertebrate and insect development. In vertebrates exists a family of related sal genes. Genes highly similar to Xsal-1 have been isolated from human (Kohlhase et al., unpublished) and mouse (Ott et al., unpublished) . Mouse sal, that has been characterized in detail (Ott et al., unpublished) , is strikingly similar to Xsal-1. The double zinc finger motifs are nearly identical, suggesting that both proteins might recognize the same targets. The sequence of the interfinger regions are also conserved to a remarkable degree. The expression pattern of the two genes shows significant overlap. However, within the CNS, the main expression domain of Xsal-1, the two genes are expressed in different cell types. This suggests, that either the genes have acquired different functions in neurogenesis during vertebrate evolution or that the two genes do not represent true homologs. Other members of the gene family might exist that show corresponding expression patterns in the two species.
Experimental procedures
Animals
Xenopus laevis was obtained from Xenopus I. Albinos were obtained from the Department of Animal Biology, University of Geneva. Production and rearing of embryos was as described (Stick and Hausen, 1985) . Embryos were staged according to Nieuwkoop and Faber (1967) .
DNA techniques
For DNA techniques we followed standard procedures (Sambrook et al., 1989) . Genomic DNA was isolated from blood cells and purified as described (D/Sring and Stick, 1990) . For construction of size selected genomic libraries 20/zg of genomic DNA was digested with the appropriate restriction enzyme and separated on 0.7% agarose gels. Gels were sliced into 2-3 mm thick stripes and DNA was eluted by electrophoresis. Relevant fractions were identified by Southern blot hybridization and cloned into either phage Agtl0 (1.4 kb EcoRI fragment), A-DASH II (Stratagene) (13 kb BamHI fragment), or Bluescript plasmid (Stratagene) (4.2 kb PstI fragment). An oligo (dT) primed cDNA library of Xenopus laevis stage 17 poly (A) ÷ RNA was custom made (Stratagene). Double-stranded sequencing was done using the Sequenase 2.0 kit (United States Biochemical Corp.).
Screening of cDNA phage libraries by PCR
Screening of amplified cDNA libraries was done as described (Israel, 1993) . About 1.6 x 106 pfu were initially screened. PCR was carried out in a final volume of 25/tl with 2.5/zl of phage lysate as template using the Gene Amp PCR kit (Perkin-Elmer Cetus). Oligonucleotides used as primers were deduced from the cDNA: primer P1 amino acid (aa) 86-92 5'ACTAAAAACCCTCq"I'GTGC3' and P2 (aa) 164-170 5'GAGGAGTAG-CAGGGTCTGAGG3' resulting in the amplification of a 253 nucleotide long product. The numbering of amino acids is with respect to the polypeptide shown in Fig. 3 . Cycling parameters were: initial denaturation for 3 min, 95°C followed by 30--40 cycles (1 min, 95°C; 45 s, 56°C; 45 s, 72°C) and a final polymerization step (10min, 72°C). After three rounds of screening 4 x 104 pfu of a single pool were plated and screened by filter hybridization. Of the nine positive clones three were plaque purified. All three contained identical inserts.
RT-PCR techniques
Total RNA from oocytes and embryos and from tissues of adult frogs was extracted as described by D6ring and Stick (1990) and Choczynski and Sacchi (1987) , respectively. Following its isolation, RNA was treated with DNase I (Boehringer Mannheim) to remove contaminating DNA. The RNA was reextracted with phenol/chloroform, precipitated with ethanol and resuspended in water at a final concentration of 1/zg//zl.
RT-PCR was carried out using the Gene Amp RT-PCR kit from Perkin-Elmer Cetus. First-strand cDNA was synthesized from 1/zg total RNA with random hexanucleotides as primers following the manufacturers protocol. The 5' extension of the cDNA was obtained with primer P3 5'CACTAGCTGCACACACTGACC3' and P2. For cloning of the alternative splice variants PCR was carried out with primer P4 aa 1010-1017 5'GCTCCT-TATAGTCTCCTGTTCCTG3' and P5 aa 1218-1224 5'CGTCT'FGCAGGAGCATI"ATTC3'. Cycling parameters were: 40 cycles (1 min, 95°C; 1 min, 56°C; 1 min, 72°C) and a final polymerization step (10 min, 72°C).
For quantitative RT-PCR the linear range of amplification was determined by carrying out PCR with 1/~g of total RNA of stage 46 embryos for various numbers of cycles. Stage 46 embryos had been shown to contain the highest amount of Xsal-1 transcripts of all stages analyzed. Amplification was linear up to cycle number 28. Primers for the quantification of the different splice variants were the same as for the preparative PCR. For the amplification of the 427 nucleotide long cDNA fragment spanning intron I primers P6 aa 28-33 5'GCCATCACT-GCCGGGGAG3' and P2 were used. RT-PCR was carried out as described above except that 1/zCi of [a-32p]dCTP was included in the PCR. Amplification of Xsal-1 transcripts was done for 25 cycles and amplification of histon H4 transcripts for 22 cycles. As primers for the amplification of histon H4 transcripts primers P7 5'CGGGATAACATrCAGGGTATCACT3' and P8 5'ATCCAT-GGCGGTAACTGTCT/'CCT3' were used. One-tenth of the PCR products was separated on 6% polyacrylamide gels under denaturing conditions. As a size marker HpaII digested, 32p-endlabeled Bluescript KS plasmid (Stratagene) was used. Dried gels were analyzed using a Phosphorlmager and the ImageQuant 2.0 program (Molecular Dynamics).
Whole-mount in situ hybridization
Whole-mount in situ hybridization was done as described (Harland, 1991) . Embryos derived from albino females were used. Modifications to the published procedure included storage of fixed embryos in ethanol. Before antibody incubation embryos were washed twice for 5 min each in 0.15 mM NaCI, 0.1 M maleic acid (pH 7.5, MAN). They were then incubated for 1 h in the same buffer containing 2% Boehringer Blocking Reagent (Boehringer Mannheim) and for another hour in blocking buffer supplemented with 20% heat inactivated goat serum (Gibco-BRL). Embryos were incubated for 4 h in anti-digoxigenin antibody (Boehringer Mannheim) diluted 1:5000 in blocking buffer containing 20% goat se-rum. They were than washed for 30 min in MAN with several changes of buffer. Incubations and washings were done at room temperature. They were then washed in an excess volume (50 ml) in MAN at 4°C over night. After a final wash in MAN at room temperature for 1 h they were processed for staining as described (Harland, 1991) .
Histological procedures
Vibratome sections: stained and postfixed embryos were equilibrated in PBS containing 4.4 mg/ml gelatin, 0.27g/ml BSA, 0.18g/ml sucrose. After equilibration embryos were mounted by crosslinking the solution with glutaraldehyde. Thirty micrometer sections were taken with a Vibratome 1000 (Technical Products International Inc.) and mounted onto gelatin coated slides.
For glycol methacrylate embedding, embryos were stained three to five times longer than normal. Stained embryos were embedded in Technovit 7100 (Kulzer) according to the instructions of the manufacturer. Dehydration and infiltration times were shortened to 15 min for each dehydration step and 30 rain for the infiltration steps to minimize leakage of stain. Eight micrometer sections were cut with a Jung RM 2065 microtome (Leica Instruments). They were mounted in Entelan (Merck). Photographs were taken on a Zeiss Axiophot using Nomarski interference optics.
